Introduction
Over the last decade, first principles-based methods (ab initio methods) which use only the atomic constants as input parameters for solving the Schrodinger equation have now become the most powerful probes for investigating important number of physical and chemical properties for atoms, molecules and solids. Needless to mention that they are also a tool of choice for the prediction of new materials, and they could sometimes replace experiments which are very costly or even impossible in the laboratory.
The electronic structures and nature of chemical bonds between a transition metal and a main group element are of great interest in many areas of science, e.g., in surface chemistry [1] , catalysis [2] , astrophysics [3] - [5] , organometallic chemistry [6] , and high-temperature chemistry [7] . They can also serve as simple models for understanding the properties of more complex transition metal compounds. Scandium is the first transition metal atom which has only one d-electron in the ground state. Diatomic molecules like ScTe are simple transition metal-containing systems in which d-electrons take part in bonding and provide ideal models for understanding the electronic structure and reactivity (chemiluminescent reactions). To the best of our knowledge, no experimental work for the ScTe molecule has been done. The only theoretical work for ScTe in literature is that of Wu et al. [8] for the ground X 2 Σ + state by using the density functional method DFT-B3LYP technique. Because of the lack of studies, either theoretical or experimental, for the excited electronic states of the molecule ScTe and based on our previous studies on diatomic molecules especially the scandium compounds ScO [9] , ScS [10] , ScF [11] , ScCl [12] , ScBr [13] [14] and ScI [15] , we present in this paper ab initio investigations of the lowest lying electronic states of the ScTe molecule which have been performed via CAS-SCF/MRCI (Complete Active Space Self Consistent Field, Multireference Configuration Interaction) method. Multireference CI calculations (single and double excitations with Davidson corrections) in which the entire CAS-SCF configuration space was used as the reference were performed to account the correlation effects. The potential energy curves (PECs), the permanent dipole moment curves (DMCs) together with the energy minimum for the ground state T e , the equilibrium internuclear distance R e , the harmonic frequency ω e and the rotational constant B e have been obtained for the 16 lowest-lying electronic states. Fifteen electronic states have been investigated in the present work for the first time. It is hoped that our computational results will stimulate further experimental studies on transition metal diatomic molecules, especially transition metal tellurides.
Method of Calculations
In the present work, ab initio investigations of the lowest-lying electronic states of the ScSe molecule have been performed via CASSCF method. Multireference MRCI + Q calculations (single and double excitations with Davidson corrections) were performed to determine the correlation effects. The entire CASSCF configuration space was used as a reference in the MRCI calculation which has been performed via the computational chemistry program MOLPRO. The scandium species is treated as a system with 10 inner electrons taken into account using the basis ECP10MDF [16] for s, p and d functions for ScTe. The tellurium atom is treated as a system with 46 inner electrons taken into account using the basis ECP46MWB [17] including s and p functions. In the range of the internuclear distance R e around equilibrium distances of its ground state, the ScTe molecule is assumed to be mainly ionic as many transition-metals Sc + Te − . Among the 73 electrons explicitly considered for ScSe (21 electrons for Sc and 52 for Se) 56 inner electrons were frozen in subsequent calculations so that 17 electrons were explicitly treated. The active space contains 6σ (Sc: 4s; Te: 5p 0 , 6s, 5d 0 , 6p 0 , 7s), 3π (Te: 5p ±1 , 5d ±1 , 6p ±1 ) and 1δ (Te: 5d ±2 ), this corresponds to 10 active molecular orbitals in the C 2v symmetry distributed into irreducible representation in the following way: 7a 1 , 3b 1 , 3b 2 , 1a 2 , noted [1] [3] [7] . The doubly occupied orbitals 4σ (Sc: 3s, 3p 0 , 3d 0 ; Te: 5s), and 2π (Sc: 3p ±1 , 3d ±1 ) and 1δ (Sc: 3d ±2 ) have been considered as inactive in the CASSCF calculations. Correlation effects for the seven valence electrons have been taken into account through multireference calculations MRCI+Q (single and double excitations with Davidson correction) where the entire CASSCF configuration space has been used as reference. Calculations have been performed via the computational program MOLPRO [18] taking advantage of the graphical user interface GABEDIT [19] .
Results and Discussion
The potential energy curves for the doublet and quartet electronic states of ScTe molecule in the representation of 2s+1 Λ (+/−) have been calculated in term of the internuclear distance in the ranges 2.00Å ≤ R ≤ 3.48Å ( Figure 1  and Figure 2) . The electric dipole moment is a fundamental electrostatic property to study the strength of the long-range dipole-dipole forces, and to understand the macroscopic properties of imperfect gases, liquids and solids. It is demonstrated that the strength of vibrational excitations depends on the variation of the dipole moment as function of geometry such that the DMCs are considered important as they may help to obtain accurate predictions of transition intensities. Hence, the static electric dipole moment of the considered doublet and quartet states are calculated in terms of the internuclear distance R. They will be mainly used here to discuss the bond nature, the polarity and interaction of the electronic states. As the bond nature of an electronic state is related to the magnitude of the dipole moment at a given distance, an ionic nature is indicated from a relatively (1) 4 Γ of the molecule ScTe.
large magnitude. It is quite common for the molecular electronic states of the potential energy curves to make crossings or avoided crossings. In fact, the avoided crossing regions are likely to be a leakage channels along which the molecules flow from the higher down to the lower potential energy curves. Such crossings or avoided crossings can dramatically alter the stability of the molecules. If these crossings are overlooked, then low barrier transitions can be missed and an incorrect chemical picture will arise. In the range of R, several avoided crossings have been detected in the potential energy curves for the excited electronic states of the considered molecule ScTe.
For the ScTe molecule, the spectroscopic constants such as the vibration harmonic constant ω e , the internuclear distance at equilibrium R e , the rotational constant B e and the electronic transition energy with respect to the ground state T e have been calculated by fitting the energy values around the equilibrium position to a polynomial in terms of the internuclear distance R. These values are given in Table 1 together with the available data in the literature.
The only data available in literature for the molecule ScTe are those for the ground state X 2 Σ + calculated by using the DFT-B3LYP technique [8] . The comparison of our investigated values of R e for the ground states with those given by Wu et al. [8] for the considered molecule shows a good agreement with the relative difference δR e /R e = 2.6%; this agreement becomes larger by comparing our calculated value of ω e with that given in Ref. [8] with the relative difference δω e /ω e = 11.5%. No comparisons for the other investigated data for the excited electronic states with other values, since they are given here for the first time.
The dipole moment function of these states exhibits an abrupt changes reflecting the avoided crossing between the two states as also observed at the potential energy curves. The positions of these crossings and avoid crossing are given in Table 2 and Table 3 .
In Figures 3-5 we show the agreement between the positions of the avoided crossings of the PECs and the positions of the crossing of the corresponding DMCs. This agreement can be considered as confirmation of the accuracy of the present results on the ScTe molecule. In the present calculation of the DMCs, we considered the Sc atom at the origin. One can notice that, most of the DMCs for the considered molecule are in the negative regions, where the electronegativity of the Sc atom is higher than those of Te atom in these region and it is independent either on the internuclear distance or the different electronic states. At large internuclear distances the decreased value of the dipole moment can be explained by the polarization of the orbital in the direction of the negatively charged ligand whereas this orbital polarization tends toward the covalent nature for the 2 electronic state (2) 4 Δ and (4) 4 Σ − of this molecule. In Figure 6 , we show the energy levels T e of the investigated molecule ScTe along with those of the molecules ScO [9] , ScS [10] and ScSe. By comparing the electronic structure of these molecules one can notice that they all have the same ground state X 2 Σ + . The order of the electronic states of the considered 4 molecules is disturbed because of the values of the electronegativity of the different investigated electronic states. i.e., the first excited electronic state for the molecules ScO, ScS and ScSe is (1) 2 Δ state while this state for the molecule ScTe is shifted to the 8th excited electronic state Figure 6 . The values of the dipole moments at the internuclear distances R e are 2.41 a.u. and 2.54 a.u. for the ScSe and ScTe molecules respectively which implies higher electronegativity of the ScSe than the ScTe and to the higher electronegative correspond the lower energy. Also, the 2nd excited electronic state for the molecule ScO is (2) 2 Σ + state while this state for the molecules ScS, ScSe and ScTe is shifted to the 5th excited electronic state Table 4 . Similar explanation can be done for other electronic states. Knowing that the electronegativities of Scandium, oxygen, Sulfur, Selenide and that of tellurium atoms are 1.36, 3.44, 2.58, 2.55, and 2.1 respectively [20] . So what it is observed, in Table 4 , is that when the differ- (2) 2 Σ + and (3) 2 Σ − of the molecule ScTe. 
Conclusion
In the present work, the ab initio investigation for 16 low-lying electronic states of the ScTe molecule has been performed via CASSCF and MRCI + Q (single and double excitations with Davidson correction) calculations. The calculated potential energy curves, the permanent dipole moment curves, and spectroscopic constants T e , R e , ω e and the rotational constant B e are reported for the 16 lowest electronic states of the molecule ScTe. The overall agreement between our calculated values of the spectroscopic constants for the ground states and those of Wu et al. [8] and the agreement between the positions of avoided crossing of the PECs and the crossing of the DMCs for the 15 new excited states may confirm the validity and the accuracy of the present results. These investigated data may help for more experimental or theoretical studies in the future for higher electronic states.
